In 1932 inhibin was detected in testicular Sertoli cells (McCullagh 1932) and revealed inhibitory action on pituitary FSH secretions (Stechell and Jack 1974) . The sequence of inhibin in several species have been elucidated by many investigators (Mason et al. 1985 (Mason et al. , 1986 Forage et al. 1986 ) and there are 3 subunits (alpha, beta-A, beta-B) (Mason et al. 1985) . Inhibin is a combination of alpha either with beta-A (inhibin A) or beta-B (inhibin B) which acts as a FSH suppressor. On the other hand, the combination of beta A-beta A homodimer or beta A-beta B heterodimer which are called FSH releasing proteins (Vale et al. 1986 ) or activin (Zing et al. 1986 ) acts oppositely as a FSH releaser.
tories (MucLachlan et al. 1987 ; Robertson et al. 1988 ; Hasegawa et al. 1988 Hasegawa et al. , 1989 and there are studies about the regulatory mechanism of inhibin and FSH during estrous cycle (MucLachlan et al. 1987 ; Hasegawa et al. 1988 Hasegawa et al. , 1989 . Moreover, serial measurement of inhibin has been suggested as a marker of follicular development in In Vitro Fertilization program (Tsuchiya et al. 1989 ) and as a tumor marker viz, in hydatidiform mole (Yohkaichiya et al. 1989) or granulosa cell tumor (Lappoehn et al. 1989) .
During prepubertal stage, gonadotropins are elevated transiently and maintained at low levels until the onset of puberty in rat (Dohler and Wuttke 1975) and in human (Shinkawa et al. 1983 ). The mechanism and significance of these changes are still not clear. Revealing this mechanism would be a milestone in elucidating the mechanism of onset of puberty both by the hypothalamicpituitary axis and the ovary. In this study, both inhibin and FSH were measured by RIA to determine the relationship between FSH and inhibin secretion and the development of ovarian maturation during prepubertal stage using immature female rats. The ovarian maturation was determined by measurement of serum estradiol by RIA.
MATERIALS AND METHODS
Animals. Immature SD female rats were bred with mother until weaning, after weaning foods and water were given ad lib. Light and dark condition were controlled automatically (L: D=10: 14). Postnatal age was determined from the day of delivery and animals were sacrificed on the day 5, 8, 9,10,15, 20, 25, 30, 35, and both ovary and blood samples were collected from each animals. All animals were confirmed to be before the stage of vaginal opening. To make sure the source of inhibin, ovariectomy was performed on the 25 day-old female rats and serial blood samples were collected hourly for measurement of inhibin changes.
PMSG treatment. 10 and 20 units of pregnant mare serum gonadotropin (PMSG; Sigma, St. Louis, MO, USA) were injected intramuscularly on the day 14 and 22, respectively. Dosage of PMSG was calculated by the mean weights of immature rat on the day 14 and 22. After the injection of PMSG, ovary and blood samples were collected every day for 6 days from different groups.
RIA procedure. For inhibin determination, inhibin RIA kit which was provided by Prof, de Kretser (Monash University, Melborune) was used. Iodination and purification of labeled antigen were done by previously described methods (MucLachlan et al. 1987; Robertson et al. 1988 ). For an RIA standard, PMSG stimulated rat ovary was homogenized and ultracentrifuged. The supernatant was used for RIA standard and the levels were adjusted with WHO porcine inhibin standard (86/690: provided by WHO London, England) by logit-log response curve. One unit of our standard was calculated to be 4.25+0.09 units of WHO porcine inhibin standard. FSH was determined by rat FSH RIA kit (provided by NIDDK). Estradiol levels were measured by RIA kit (Sorin Biomedica (CIS) Paris, France). The intea and inter assay CV were less than 10% in these assays.
Each values are expressed as mean +s.D, and represents the results from 5-7 animals in each treatment group.
Statistical analysis was done by Student's t-test.
RESULTS

Changes of serum inhibin levels after ovariectomy
The serum inhibin levels decreased immediately after ovariectomy. The inhibin decrease curve showed two components: a sharp initial fall (t% =15 min) followed by a gradual fall (t% = 7.8 hr) (Fig. 1) .
Changes of ovarian inhibin levels. Inhibin in the ovary could be detected even in early postnatal life. And the levels markedly increased around 20th day. After 20th day, the levels reached a plateau which was similar to that of mature female diestrus rats (Fig. 2) .
Changes of serum FSH, estradiol and inhibin Serum FSH levels increased during the first 2 weeks after birth, after that levels came down to that of mature female rats. Changes in serum estradiol level showed a similar pattern as that of FSH. On the other hand, serum inhibin levels increased gradually during the 2 weeks after birth and after that the levels reached plateau which was almost same value as that of mature female rats (Fig. 3 ).
PMSG treatment To confirm the relationship between FSH and inhibin and their secretory mechanism, PMSG treatments were performed on immature female rats. For this experiment, PMSG was injected before (14 days) and after (22 days) serum FSH peak. Both in 14-and 22-day group, ovarian weights increased, but in 14-day group, the increasing rate was not significantly different from that of the control. In 22-day group, ovarian weights became five folds higher than that of control and the degree of increase was also significantly higher than that of 14-day group.
Serum estradiol levels in 14-day group were slightly elevated on the 1st day after injection of PMSG and then decreased. On the other hand, serum estradiol levels in 22-day group were significantly elevated for the following 5 days after injection of PMSG, and peak levels became 10 times higher than that of pretreatment levels (Fig. 4) .
Changes of serum inhibin and FSH levels in these two groups showed quite different patterns (Figs. 5 and 6 ). In 14-day group, serum levels of inhibin increased after the injection during first few days but there was no significant difference between PMSG and control groups. After the initial rise, the levels of inhibin fell especially on 6th day and the level of inhibin on day 6 was in and FSH levels after injection of PMSG on significantly less than that of control. Serum FSH levels decreased after PMSG treatment but there were no statistical differences compared to the control. In 22-day group, the levels of inhibin increased significantly after PMSG treatment compared to the control and the rate of increase was about 6 times higher than that of 14-day group. On 5th day after injection, levels of inhibin came down to pretreatment levels. Levels of serum FSH decreased promptly by PMSG injection and there were significant differences between PMSG and control groups during 4 days after injection. FSH levels began to rise again on 5th day after injection and reached to initial levels on 6th day. During these 6 days, both serum FSH and inhibin in the control group persisted at constant levels.
DISCUSSION
Recently, many studies have revealed unique changes of gonadotropins and sex steroid hormones during the prepubertal stage of female rats. There are significant rises in FSH and estradiol levels in serum around 2 weeks after birth (Dohler and Wuttke 1975) . After this rise, these hormones decrease and keep low levels until the onset of puberty which seems as a resting stage or preparatory stage for the onset of puberty. Studying this stage might unveil the precise mechanism that clicks the onset of puberty. In this study, we tried to find the relationship between FSH and inhibin during the prepubertal stage using immature female rats and also the significance of a hormonal resting stage which may lead to the onset of puberty.
The results of the castration experiment and serial sampling revealed that the source of inhibin is the ovary and inhibin is produced even in the early stage of postneonatal life. In our study, inhibin is detected from the 5-day after birth and the levels in serum increase gradually and reach a plateau after 2 weeks of postnatal life. During this period, FSH levels also increase and reach the maximum level and then decrease to basal level which continues until the onset of the puberty. The rise of inhibin levels is speculated to be the consequence of the stimulation of FSH on ovarian granulosa cells because levels of estradiol change in a similar pattern as compared to FSH and inhibin. And when inhibin levels reach their maximum values, negative feedback of inhibin may work on the pituitary FSH secretion. But there is no clear explanation why the initial rise of FSH occurs in around 2 weeks after birth. Activin is thought to be one of the factors responsible for initial FSH rise. However, a detailed study of the activin action of FSH secretion is needed to throw light on this complex mechanism. During human menstrual cycle, especially follicular phase, there is a comparable change of serum FSH levels with the prepubertal stage. In early follicular phase, serum FSH levels increase initially then decrease gradually and rise again a day before ovulation as a surge. As a matter of fact, this FSH change has not been clear but inhibin has been speculated to be one of the factors which affects the change of serum FSH during follicular phase. The source of inhibin in women is granulosa cells, and FSH stimulates both the Graafian follicle and granulosa cell maturation.
Consequent to the follicle maturation, serum inhibin levels increase gradually. The increased inhibin inhibits pituitary FSH secretion during the late follicular stage. Although the significance of these FSH and inhibin changes is still not clear, this phenomenon may correlate with the follicle recruitment and selection (Rivier and Vale 1989) .
The experiment of PMSG administration in different stages reveals the onset of a feedback mechanism of inhibin on FSH secretion. In the 14-day group experiment, PMSG treatment led to both estradiol and inhibin rises but the magnitude of rise of both hormones was very slight and there was no difference compared to that of control. As a consequence of a low magnitude of inhibin rise, there was also no difference between the levels of FSH in PMSG and control groups after PMSG injection. From this experiment, we can assume about the FSH and inhibin relationship, that the marginal increase of FSH at this stage can stimulate both inhibin and estradiol secretion, but there is no clear negative feedback mechanism of inhibin on FSH secretion in this stage. This relation can also explain why level of FSH rises gradually in the initial 15 days after birth in spite of inhibin increase in this stage. On the other hand, results from PMSG treatment on 22-day group are quite different compared to 14-day group experiment. When PMSG is injected to day 22 female rats, serum inhibin and estradiol levels markedly increase during next 5 days and serum FSH levels decrease significantly. On 6th day after PMSG treatment, inhibin falls to the initial level and FSH rises again. The degree of the increase is significantly larger than that of day 14 group and these responses induced by PMSG treatment might be the sequel of the maturation of ovarian function at this stage. These results suggest that the negative feedback between FSH and inhibin begins to work at 3 weeks after birth in immature female rats.
Serial sampling after FSH peak showed that, inhibin, estradiol and FSH levels were maintained at the same level. We speculate that, from the point of view of a hormone environment, this period may be the resting stage for the onset of an estrous cycle. The administration of inhibin antibody at day 20 and 30 (Rivier and Vale 1987) suggests that inhibin in immature stage has some effects on the sexual maturation through FSH and inhibin may represent a major regulator of the ovarian function. Therefore, to reveal the precise mechanism of onset of the estrous cycle, the study of inhibin may be one of the useful tools.
In summary, during the immature stage FSH rise occurs initially which promotes the inhibin secretion from the ovary. Increased inhibin consequently inhibits pituitary FSH secretion and keeps the serum estradiol levels as relatively low. The constant levels of FSH, inhibin and estradiol during the prepubertal stage may be important for the sexual development and the onset of the estrous cycle.
